Development of East Gondwana has resulted from initial continental aggregation in the late Mesoproterozoic, followed by an episode of continental fragmentation and additional collision to produce the Palaeozoic supercontinent and its active Pacific margin (Fig. 1, Fitzsimons 2003; Pisarevsky et al. 2003; Boger & Miller 2004) . Timing of the episode of continental fragmentation has been problematic with some authors opting for separation at c. 600 Ma in eastern Australia (Lindsay et al. 1987) , after rifting in the Ross Orogen of East Antarctica at c. 650 Ma (Goodge et al. 2002 (Goodge et al. , 2004 , and others arguing for a much older breakup at c. 800 Ma (Li & Powell 2001) . Recently, it has been argued that a passive margin developed at c. 600 Ma in eastern Australia closely following a continental rifting event (Crawford et al. 2003; Direen & Crawford 2003a, b) . Detrital zircon age spectra in Neoproterozoic to Early Palaeozoic sedimentary units from the East Gondwana continental margin appear to support the younger age of continental separation. They indicate a major change in provenance in the Cambrian, with Neoproterozoic to Lower Cambrian units derived from Palaeoproterozoic to Mesoproterozoic cratonic sources whereas uppermost Lower Cambrian quartzose strata and younger units have abundant detrital zircons with ages in the range 500600 Ma (Ireland et al. 1998; Goodge et al. 2002 Goodge et al. , 2004 Wysoczanski & Allibone 2004) .
We report here new detrital UPb zircon ages obtained using the sensitive high-resolution ion microprobe (SHRIMP) from Neoproterozoic and Early Palaeozoic metasedimentary and sedimentary rocks in the Tasman Fold Belt System of northeastern Australia. The new age data, in addition to those from Fergusson et al. (2001) , allow us to constrain the breakup of the supercontinent that predated the formation of Gondwana and the development of East Gondwana's active Pacific margin.
Neoproterozoic -Early Palaeozoic geology of northeastern Australia
In northeastern Australia, the Tasman Line is the boundary between the PalaeoproterozoicMesoproterozoic craton in the west and the Palaeozoic Tasman Fold Belt System to the east (Veevers 2000; Figs. 2, 3) . The Tasman Line is also exposed in parts of the Delamerian Orogen of southeastern Australia (Fig. 2 ), but elsewhere its extent is inferred from geophysical databases such as gravity and magnetics. The oldest rock units of the northern Tasman Fold Belt System are Cambrian-Ordovician metamorphic complexes comprised of metasedimentary schist and gneiss, mafic and ultramafic rocks, deformed granite and migmatite (Withnall et al. 1995; Hutton et al. 1997; Nishiya et al. 2003) . These units include the Argentine and Cape River Metamorphics of the Charters Towers Province, the Halls Reward Metamorphics and other units of the southeastern Georgetown Inlier, and the Anakie Metamorphic Group of the Anakie Inlier (Fig. 3 ). These metamorphic complexes are intensely deformed with greenschist to amphibolite metamorphism and most sedimentary structures are transposed parallel to foliation and metamorphic layering. Relationships between metaigneous and metasedimentary units and the depositional environments of the sedimentary protoliths are therefore poorly known.
Deformation and metamorphism affected the Anakie Metamorphic Group and Halls Reward Metamorphics in the Delamerian Orogeny at c. 500 Ma and these units are a northeastern extension of the Ross-Delamerian orogenic belt that formed along the palaeoPacific margin of Gondwana in the Middle to Late Cambrian ( Fig. 1 ; Withnall et al. 1996; Nishiya et al. 2003) . Within the Charters Towers Province, the Argentine Metamorphics and Cape River Metamorphics are intruded by variably deformed granitoids containing the main foliation in the surrounding metamorphic rocks and have UPb zircon ages in the range 455510 Ma. Part of their deformational history therefore post-dated the Delamerian Orogeny Blewett et al. 1998) .
Metasedimentary rocks in the Argentine Metamorphics ( Fig. 3 ) are mainly schist and banded gneiss with some quartzite and were largely derived from intercalated quartzose to quartzo-feldspathic sandstone and shale. Metasandstone is quartzose, with subordinate plagioclase, microcline, biotite and muscovite. Metasandstone and schist dominate the Cape River Metamorphics (Fig. 3) . The former has relict clasts of quartz, plagioclase, alkali feldspar and recrystallised lithic fragments consisting of fine-grained aggregates of quartz, biotite and muscovite . Many metasandstones had a calcareous component now represented by epidote, amphibole and some relict calcite. They have low SiO 2 /Al 2 O 3 ratios consistent with sediment immaturity and chemically they indicate derivation from a continental granitic source . Quartzite is common in the structurally higher part of the Cape River Metamorphics. Preliminary geochronology on detrital zircons from one lithic metasandstone sample has identified Late Mesoproterozoic ages of 11801300 Ma Blewett et al. 1998) . Orthogneiss and foliated granodiorite of the Fat Hen Complex intrude the Cape River Metamorphics and have UPb zircon ages in the range of 455493 Ma .
The Anakie Metamorphic Complex occurs in central Queensland (Figs. 3, 4) and consists of a number of units including a lower unit of mixed pelitic schist, quartzite, quartz-rich clastics, mafic schist and rare serpentinite (Bathampton Metamorphics) and an upper unit of Wynyard Metamorphics with micaceous metasandstone and muscovite-biotite schist (Withnall et al. 1995) . Three samples of quartzose metasandstone to metaconglomerate in the Bathampton Metamorphics have most detrital zircon ages in the range 10001300 Ma (Fergusson et al. 2001) . Detrital zircon ages in one sample from the Wynyard Metamorphics have a prominent peak of 510600 Ma and another sample has detrital monazite grains with ages at 540 and 580 Ma (Fergusson et al. 2001) .
In the southern Anakie Inlier (Fig. 3) , the Upper Ordovician Fork Lagoons beds occur southeast of, and in fault contact with, the Anakie Metamorphic Group. They are a mixed unit with very low-grade metamorphism and consist of slate, quartz sandstone, quartz-lithic sandstone, mafic volcanic rocks, minor gabbro, silicic volcaniclastic rocks, sparse serpentinite, and marble (Withnall et al. 1995) . Rare limestone with Late Ordovician corals and conodonts occurs in the unit which formed in deep to shallow marine environments. Sandstones include both quartz-rich and quartz intermediate types with subordinate feldspar and lithic fragments. Some samples contain volcanic quartz and silicic volcaniclastics and primary volcanic rocks also occur in the unit (Withnall et al. 1995) .
Detrital zircon ages
Zircons have been separated from three samples of quartzite and three samples of immature quartzo-feldspathic sandstone (one of each from the Argentine Metamorphics, Cape River Metamorphics and Fork Lagoons beds) using standard separation techniques (crushing, magnetic separation and heavy liquids). Zircon analysis followed standard procedures on SHRIMP I and SHRIMP RG at the Australian National University (Williams 1998) . Cathodoluminescence (CL) images were taken to examine the internal structure of the sectioned zircon grains, thereby enabling the ion beam to be placed within single domains and so avoid analysing areas of mixed ages.
The analyses consist of four scans through the mass range with a spot size of c. 2030 m. In some cases, analyses were duplicated as a check for consistency. UPb ratios were calibrated relative to the 1099 Ma Duluth Gabbro (sample FC1 of Paces & Miller 1993) . Data were reduced using SQUID Excel Macro of Ludwig (2000) with plots constructed with the Isoplot/Ex program (Ludwig 1999 ). For zircons that are older than c. 800 Ma, and for areas in zircon with very high U, the correction for common Pb was made using the measured 204 Pb/ 206 Pb ratio. For younger zircons (< c. 800 Ma) it is difficult to determine the 204 Pb/ 206 Pb ratio and so the correction for common Pb was made by the " 207 Pb correction" method (see Williams 1998 , and references therein). The data (Table 1; see Table 2 in data repository) have been plotted as probability density plots together with stacked histograms (Fig. 5) . Where ≥ 3 analyses are within analytical uncertainty, this is recognised as a cluster and considered to represent a significant zircon crystallisation event. An isolated analysis or even two analyses with like ages are considered insufficient evidence to indicate a significant zircon crystallisation event in the source region. This is particularly the case for the younger part of the age spectrum as the youngest cluster of analyses will place constraints on the time of deposition of the sediment.
Results
Sample CR44 of quartzo-feldspathic-biotite metasandstone from the Cape River Metamorphics has had 59 grains analysed. Most of the analyses have ages in the range 11101265 Ma (44 grains) with 4 forming a minor peak in the age range 15501580 Ma. A quartzite sample (CR190) from the Cape River Metamorphics has had 62 grains analysed. A number of the areas analysed are either significantly enriched in common Pb (e.g. 34 and 55, Table 2 ) or are clearly discordant (e.g. 40 and 56, Table 2 ), and these have been excluded. Overall, a remarkably diffuse pattern of ages is recorded, which probably reflects long-lived transport and textural maturity. The most significant peak occurs in the range 18001895 Ma (14 grains) with less significant clusters between c. 1110-1265 Ma (8 grains) and c. 905920 (4 grains).
Additional data from a sample of biotite-bearing quartzo-feldspathic metasandstone (IWH043) from the upper part of the Cape River Metamorphics, for which a preliminary age spectrum was presented by Blewett et al. (1998) , support these results. It has 21 of 23 detrital ages in the range 1150-1250 Ma. Detrital ages from the Cape River Metamorphics have much in common with those reported by Fergusson et al. (2001) from three closely spaced samples of quartz-rich metasandstone from the lower Anakie Metamorphic Group (Bathampton Metamorphics); 115 of 167 grains from these samples have ages in the range 10001300 Ma. Of the 8 younger grains 5 are in the age range 615665 Ma and 3 in the age range 565580 Ma.
A sample of quartzose psammite, originally a quartz-lithic sandstone, from the Argentine Metamorphics (AM129A) has had 60 grains analysed and 7 grains (8, 30, 36 39, 40, 45 and 48, Table 2 ) are discounted because they are anomalous, poor analyses, or they are discordant. Most analyses provide ages in the range 10001305 Ma (30 of 53 grains) with 5 grains between c. 15951610 Ma, and 4 between c. 17551770 Ma.
Fifty six grains have been analysed from sample AM57, a quartzite from the Argentine Metamorphics. A number of the areas analysed are enriched in common Pb and yield interpreted discordant young ages (grains 15, 17, 43 and 50, Table 2 ) that have been excluded. The majority of ages recorded are in the range c. 490670 Ma (26 of 52 grains, Fig.  5 ), with a prominent peak at c. 490505 Ma (weighted mean of 9 grains gives 501 ± 5 Ma). Less prominent older age clusters are in the range 1000-1100 Ma (7 grains) and 15001600 Ma (4 grains). This sample records a similar provenance age spectrum to sample EC04 reported by Fergusson et al. (2001) from the upper Anakie Metamorphic Group with a broad age peak at 510600 Ma.
Samples R4 and R19A are quartz and quartz-lithic sandstones respectively from the Upper Ordovician Fork Lagoons beds and have detrital age patterns that have much in common to those of sample AM57 from the Argentine Metamorphics and sample EC05 from the upper Anakie Metamorphic Group even though they are from a younger sedimentary unit above a major metamorphic discontinuity. The analyses of sample R4 mostly fall within the age range 435540 Ma, with the youngest clusters at c. 460470 Ma and c. 445455 Ma (32 of 59 grains, Fig. 5 ). Note that one of the analyses (grain 31 of Table 2 ) has been excluded on the basis of discordance. The grain population that records ages between 460 Ma and 480 Ma is consistent with derivation from older granites in the Charters Towers Province Blewett et al. 1998) . For sample R19A, 53 grains have been analysed, but 6 (16, 33, 46, 48, 51 and 52, Table 2) have been excluded on the basis of high common Pb or interpreted discordance. The youngest cluster is at c. 465 Ma (4 grains). Sample R19A also has a prominent peak in the range 560600 Ma (8 grains) whereas it is notable that sample R4 has only one zircon in this range. Sample R4 has 9 grains in the interval 9001150 Ma whilst sample R19A has 7 grains with ages in this interval.
Stratigraphy and depositional ages
From the detrital zircon ages and UPb zircon ages on deformed and undeformed granites in the region Blewett et al. 1998; unpub. data , and the lack of 500600 Ma detrital zircons is consistent with a Neoproterozoic rather than an Early Palaeozoic age. A cluster of 5 grains in the age range 615665 Ma from two closely spaced samples (A532 and A537) indicate a Late Neoproterozoic age for the Bathampton Metamorphics of the lower Anakie Metamorphic Group (Fergusson et al. 2001 ) consistent with the lack of a prominent 500600 Ma signature in these rocks. Overall, a Late Neoproterozoic age is inferred for the older succession. In the younger succession the 500600 Ma age cluster is well represented in all samples and was also reported for detrital monazite and zircon samples in the Wynyard Metamorphics of the Anakie Inlier (Fergusson et al. 2001 ). The quartzite sample from the Argentine Metamorphics (AM57) has a Cambrian depositional age as the Argentine Metamorphics are intruded by granites with ages as old as c. 480 Ma (unpub. data of authors).
Provenance
The quartzose nature of the clastic rocks indicates continental derivation for all the units sampled with significant reworking required to produce the quartzite in the Argentine Metamorphics and Fork Lagoons beds (samples AM57 and R4 respectively). Detrital zircons from the quartzite of the Cape River Metamorphics (sample CR190) has an age spectrum indicating very mixed sources compared to the other samples, and is consistent with far travelled and/or multiply recycled sediment. For both successions CL images show that the zircons consist of a mixture of igneous grains with well-developed oscillatory zonation (Fig. 6) and grains with no zonation interpreted to be of metamorphic origin. Younger detrital zircons in the range 450500 Ma from the Upper Ordovician Fork Lagoon beds have fine zonation typical of igneous derivation. They were probably derived from local sources now in the sub-surface but represented by exposed silicic volcanic rocks of the Upper Cambrian to Lower Ordovician Seventy Mile Range Group (Henderson 1986 ) and granitoids of the Lolworth and Ravenswood Batholiths in the Charters Towers Province .
Late Mesoproterozoic source
Our data from the Cape River Metamorphics and one sample in the Argentine Metamorphics, in addition to the samples from the Bathampton Metamorphics of the Anakie Inlier (Fergusson et al. 2001) , indicate that a Late Mesoproterozoic, mixed igneous and metamorphic terrane provided the source of sediment for units of Neoproterozoic age in northeastern Australia (Fig. 5 ). Detrital zircon ages for the Neoproterozoic succession only have minor input from sources on the adjoining north Australian craton, such as the Barramundi Orogeny that was widespread in northern Australia at 18401870 Ma (Betts et al. 2002) , and abundant Early Mesoproterozoic (15501600 Ma) silicic igneous activity in the Georgetown and Mt Isa Inliers (Scott et al. 2000; Black et al. 2005) .
In central Australia, a Late Neoproterozoic to Early Cambrian clastic wedge occurs in the Amadeus Basin locally derived from the Musgrave Complex to the south consistent with the prominent Late Mesoproterozoic detrital zircon age signature (most grains in the range 10501200 Ma, Camacho et al. 2002) . The Musgrave Complex was uplifted during the shortduration Petermann Orogeny at ~550 Ma indicated by 40 Ar/ 39 Ar cooling ages but no zircon of this age has been identified (Maboko et al. 1992) . Basement zircon ages from the Musgrave Complex are mainly in the range 10501200 Ma and include some ages in the range 900-1000 Ma attributed to radiogenic Pb loss (Camacho et al. 2002) .
An eastern extension of the Musgrave Complex beneath younger cover in central Queensland is the most likely source of the detrital zircons in the metamorphosed sedimentary successions of the Anakie Inlier and Charters Towers Province (Figs. 1, 7). Thick Palaeozoic to Mesozoic sedimentary basins obscures basement geophysical patterns in central and southern Queensland. Magnetic and gravity trends associated with the Palaeoproterozoic to Lower Mesoproterozoic Mount Isa Inlier extend to the south-southeast under cover and are sharply terminated at a northeast-trending interpreted fault (Fig. 2) . Timing of faulting is poorly constrained to post Early Mesoproterozoic and pre-Middle Palaeozoic (Murray 1994) . The fault has been previously interpreted as representing the East Gondwanan Neoproterozoic rifted margin and part of the Tasman Line (Veevers 2000) although it is implicit in other reconstructions that it is a Late Mesoproterozoic structure (Wingate et al. 2002) . The older age is supported by data indicating a transition to lower S-wave speeds in the upper mantle in western Queensland, implying that thick ancient (Mesoproterozoic and older) crust extends well to the east of the Tasman Line as presently drawn in southwest Queensland ( Fig. 2 ; Kennett et al. 2004 ). An eastward extension to the Musgrave Complex also accounts for Late Mesoproterozoic zircons that occur in parts of the Neoproterozoic to Cambrian sedimentary succession of the Delamerian Orogen in southeastern Australia in addition to locally derived zircons from the adjoining Gawler Craton (Ireland et al. 1998) .
Gondwana source
Our results confirm that the 500600 Ma detrital zircon signature occurs in quartzose sedimentary rocks in even the extremity of the Gondwanan margin as represented in northeastern Australia. These sedimentary materials have been derived from a source with abundant silicic igneous activity of 500600 Ma in addition to a persistent but smaller 9001300 Ma detrital signature indicating a Late Mesoproterozoic igneous and metamorphic source in common with the Neoproterozoic succession. The presence of common micaceous detritus, probably formed from lithic fragments, in the younger part of the Anakie Metamorphic Group (Wynyard Metamorphics) and the Fork Lagoon beds indicate textural immaturity. This is also consistent with high U contents of zircons with 22%55% of analyses in all samples from the younger succession having U contents >400 ppm. This implies that the younger succession is less mature and unlikely to have endured prolonged sedimentary reworking (Hallsworth et al. 2000) .
The 500600 Ma detrital zircon signature is widely represented throughout Early Palaeozoic sedimentary successions in East Gondwana (e.g. Ireland et al. 1998; Goodge et al. 2002) . It has been related to two main sources: plutonic and metamorphic rocks in 'Pan-African' orogenic belts formed during assembly of Gondwana and the development of the palaeo-Pacific facing, active margin of Gondwana (Veevers 2000 (Veevers , 2004 Goodge et al. 2002 Goodge et al. , 2004 . Another potential source in eastern Australia for these 500-600 Ma zircons is a volcanic succession related to rifting and passive margin formation in the western Tasman Fold Belt System (Crawford et al. 1997; Fergusson et al. 2001; Direen & Crawford 2003b ). For example, the Wonominta Block of western New South Wales (Fig. 2) has two main volcanic assemblages: a 5000 m thick Neoproterozoic volcanic and sedimentary succession with abundant mafic rocks (transitional alkaline and rift tholeiites) including more evolved lava units with a SHRIMP UPb zircon age of 586  7 Ma, and a low-Nb, calc-alkaline suite ranging from basalt to silicic volcanics with an Early Cambrian age based on macrofossils from associated sedimentary rocks and a SHRIMP UPb zircon age of 525  8 Ma (Crawford et al. 1997) . The older assemblage has been regarded as part of a passive margin also developed in western Victoria and Tasmania (Direen & Crawford 2003a, b) and may also occur beneath younger cover in western Queensland (Fergusson et al. 2001) . The younger assemblage has also been related to a rift-related setting with an evolved arc setting considered less likely (Crawford et al. 1997) . A problem with such interpretations is that most of the exposed volcanic rocks in southeastern Australia are basaltic in composition and unlikely to provide abundant detrital zircons. Nevertheless, the existence of protracted volcanism at this time, and the potential for development of significant volumes of silicic igneous rocks due to crustal melting, provides the simplest explanation for the 500600 Ma detrital zircon signature in northeastern Australia.
Voluminous Ordovician quartz-rich sandstones of the Lachlan Fold Belt of southeastern Australia contain abundant detrital zircons in the age range 500-600 Ma, but also include detrital muscovite with an age of some 500 Ma, consistent with derivation from the RossDelamerian orogenic belt to the west and southwest (Turner et al. 1996; Ireland et al. 1998) . Abundant, relatively pristine, angular, well-zoned zircons, many of which are relatively high in U, occur in the Early to Middle Cambrian siliciclastic molasse of the Ross Orogen in the central Transantarctic Mountains and indicate a source of these rocks from a relatively proximal volcanic succession. No exposure of such rocks has been found in the Ross Orogen, suggesting that this volcanic source has been removed by erosion (Goodge et al. 2002 (Goodge et al. , 2004 .
Discussion

Breakup of a supercontinent to form East Gondwana
Continental fragmentation of the supercontinent Rodinia in the interval 600-800 Ma formed East Gondwana (Australia and the greater part of East Antarctica) and another presently contentious continental fragment (Pisarevsky et al. 2003) . Some authors have opted for a fit between eastern Australia and western North America (AUSWUS of Burret & Berry 2000) in contrast to the popular reconstruction of the southwest USA with a conjugate margin in East Antarctica (SWEAT, Dalziel 1997) . Alternatively, Wingate et al. (2002) proposed a connection between eastern Australia and Mexico (AUSMEX) based on palaeomagnetic data (Pisarevsky et al. 2003) . They also cited the 11801300 Ma zircons of the Cape River Metamorphics (Blewett et al. 1998) as support and suggested that a Late Mesoproterozoic orogenic belt was continuous from southwest and central Australia into northeastern Australia. This orogenic belt would also be connected to the Grenville Orogen of Mexico and eastern North America in the AUSMEX reconstruction of Rodinia. The data we report here supports the existence of an extension of the Musgrave Complex into northeastern Australia.
The Neoproterozoic successions of the Delamerian Orogen in South Australia provide the only sedimentary succession in southeastern Australia that encompasses the 600800 Ma continental fragmentation event. Splitting of Rodinia at c. 800 Ma has been related to the 827 Ma mafic dykes of the Gairdner Dyke Swarm in the northeastern Gawler Craton and associated Willouran magmatism in the Delamerian Orogen (Wingate et al. 1998) . The problem with this suggestion, as pointed out by Direen and Crawford (2003a, b) , is that no passive margin succession of an appropriate age occurs along the ancient Pacific margin of East Gondwana. In Antarctica, passive margin development has been recognised in the Neoproterozoic after c. 670 Ma (Goodge et al. 2002 (Goodge et al. , 2004 whereas in eastern Australia passive margin development occurred at c. 600 Ma (see below).
Evidence for rifting and deposition associated with a breakup episode for Rodinia in the interval 700 Ma to 800 Ma is missing from northeastern Australia. Detrital zircon populations of an appropriate age reflecting igneous activity associated with continental separation are lacking, and there is no unambiguous sedimentary succession related to either rifting or subsequent passive margin sedimentation. Given the poor constraints on the depositional age of the Cape River Metamorphics, these rocks could be related to such a margin but we consider it more likely that this succession is a temporal equivalent of the Late Neoproterozoic succession in the lower Anakie Metamorphic Group. If a c. 800 Ma event occurred, rifting and continental splitting must have been located well to the east of the Anakie Inlier with evidence for it being obscured by younger rock systems
Late Neoproterozoic passive margin
Our data, in addition to interpretation of data in Fergusson et al. (2001) , indicate development of thick siliciclastic successions with associated mafic igneous activity at c. 600 Ma in the Anakie Metamorphic Group and possibly the Cape River Metamorphics and older part of the Argentine Metamorphics. All these metamorphic units contain amphibolites derived from mafic igneous rocks that have trace and rare earth element characteristics of tholeiitic and alkaline basalts consistent with a passive margin setting (Withnall et al. 1995; Hutton et al. 1997) . They are interpreted as part the East Gondwana passive margin that developed following rifting (Fig. 7) . The inference, based on surface wave tomography that thick Precambrian crust extends well to the east of the Tasman Line in western Queensland (Kennett et al. 2004 ) is consistent with this hypothesis.
We regard the Neoproterozoic succession of northeastern Australia as part of the rifted margin succession that must have formed prior to and during breakup at c. 600 Ma, consistent with evidence for extension-induced subsidence of intracratonic sedimentary basins in central Australia (Lindsay et al. 1987) . A deep ocean must have existed east and north of the Delamerian Orogen by c. 575 Ma as indicated by the development of deep canyons in the Wonoka Formation (Preiss 2000) . Volcanic assemblages associated with marine sedimentary rocks in the western part of the Tasman Fold Belt System of New South Wales, Victoria and Tasmania have been interpreted as igneous activity related to latest Neoproterozoic passive margin formation (570600 Ma; Direen & Crawford 2003a, b) . In northeastern Australia, development of the 500600 Ma detrital zircon signature in the younger succession, implies a silicic volcanic source existed in western and central Queensland and has either been removed by erosion or is buried in the subsurface.
Cambrian to Ordovician active margin
Middle-Late Cambrian deformation in northeastern Australia, the temporal equivalent of the Delamerian Orogeny of southeastern Australia, is indicated by 500 Ma ages for deformation and associated metamorphism in the Anakie Inlier and southeast Georgetown Inlier (Withnall et al. 1996; Nishiya et al. 2003) . Other metamorphic complexes, such as the Argentine Metamorphics, have undergone deformation and metamorphism in the Earliest Ordovician soon after the Delamerian Orogeny. In the Late Cambrian to Early Ordovician, Delamerian deformation was followed by predominantly silicic calc-alkaline volcanism in the Seventy Mile Range Group that has a magmatic and depositional character consistent with a subduction-related backarc basin setting (Henderson 1986; Stolz 1995) . Granites with ages as old as 510 Ma are located in the Lolworth and Ravenswood Batholiths of the Charters Towers Province and are consistent with a backarc setting . Overall, a subductionrelated backarc extensional setting occurred from c. 510 Ma and associated igneous activity has provided detrital zircon ages in the range 430510 Ma in the Upper Ordovician Fork Lagoons beds.
The timing of initiation of subduction associated with this backarc development in northeastern Australia is poorly constrained. Detrital zircon and monazite grains in the Middle Cambrian and younger units provide some constraints on the transition between these settings (Fergusson et al. 2001 ; data herein). The 500600 Ma detrital zircon signature itself shows that an igneous source had been active throughout this time and as discussed above may have been related to silicic igneous activity associated with the passive margin. However, such long-lived (100 Ma) igneous activity along an ancient passive margin has no MesozoicCenozoic analogues; this anomaly may be accounted for by the development of several successive rifting events and it is also probable that subduction was initiated much earlier than 510 Ma. Metamorphism, recorded by detrital monazites with ages of c. 540 Ma (overprinting c. 580 Ma parts of the same grains) from the Middle Cambrian Wynyard Metamorphics (Fergusson et al. 2001) , is attributed to convergence implying the initiation of subduction prior to 540 Ma.
It is clear that the Delamerian Orogeny, and the broadly contemporaneous Ross Orogeny in Antarctica, induced uplift, erosion, sedimentary transport and deposition of thick and widespread successions in the East Gondwana margin such as the vast Bengal Fan style Ordovician quartzose turbidite pile of the Lachlan Fold Belt (Turner et al. 1996) . Early to Late Cambrian (500530 Ma) juvenile island arc crust, with island arcs, backarc basin sea floor and primitive boninitic volcanic assemblages, developed outboard to the east of the c. 600 Ma rifted margin in response to subduction in the palaeo-Pacific Ocean (Aitchison et al. 1992; Crawford et al. 2003) .
In contrast to southeastern Australia, convergence along the Pacific margin of Antarctica is regarded as having initiated by c. 580 Ma on the basis of abundant juvenile, igneous, 500600 Ma zircons although a clastic wedge did not develop until Middle Cambrian deformation and uplift (515 Ma; Goodge et al. 2002 Goodge et al. , 2004 . The lack of volcaniclastic detritus in all the sedimentary units along the East Gondwana margin containing the prominent, largely igneous derived, 500-600 Ma zircon signature is puzzling and perhaps an indication of accentuated chemical weathering during the late Neoproterozoic and Early Cambrian. Rifting that formed the thick upper Lower Cambrian Kanmantoo Group in the Delamerian Orogen of South Australia ) and the Lower Cambrian volcanic and sedimentary succession in the Wonominta Block of western New South Wales (Crawford et al. 1997 ) are interpreted as induced by rollback associated with a newly formed active margin.
Supercontinents and detrital zircon signatures
The most prominent detrital zircon age signatures of siliciclastic sediments in northeastern Australia are similar to the major periods of supercontinent assembly of Rodinia and Gondwana. Late Mesoproterozoic detrital zircons are dominant in sediment recycled as much as 400 million years after the source rocks formed in mobile belts associated with Rodinian accretion. Uplift of these rocks is related to reactivation of the Late Mesoproterozoic orogenic belt during the pan-African events associated with the assembly of Gondwana (Camacho et al. 2002) . Significant uplift of the rift shoulder during the 600 Ma rifting event that formed the East Gondwana passive margin is unlikely as the detrital zircons of 15501660 Ma age are scarce in the Neoproterozoic succession yet is the dominant age of igneous rocks in the neighbouring Georgetown Inlier (Black et al. 2005) .
The 500600 Ma detrital zircon signature is represented in younger samples, some of which show additional significant local input from igneous rocks of 445510 Ma age. The source of the 500600 Ma zircons in northeastern Australia is probably composite with a source from silicic volcanic rocks associated with a volcanic passive margin at c. 550600 Ma and followed by a convergent margin volcanic assemblage (c. 500540 Ma) in the western Tasman Fold Belt System. Volcanic source rocks have probably been largely removed by erosion whereas plutonic equivalents must be buried in the subsurface under younger sedimentary basins. The Late Mesoproterozoic detrital zircon source is buried in the same region, as detrital zircons derived from it are abundant in the Neoproterozoic passive margin succession and also occur in the Cambrian to Ordovician succession. Thus the paradoxical situation has developed whereby the Late Mesoproterozoic detrital signature originates from reactivation of the orogenic belt of this age formed during the assembly of Gondwana whereas the 500600 Ma detrital zircons reflect breakup followed by convergent margin processes in East Gondwana.
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